Two experiments were conducted to evaluate wheat middlings as a supplement for cattle consuming dormant bluestem-range forage. Effects of supplement type and amount were evaluated in J3xp. 1, which consisted of feeding supplements of soybean meal:grain sorghum (22:78) or two different amounts of wheat middlings. Sixteen ruminally fistulated steers were blocked by weight (BW = 374 f 8.3 kg) and assigned randomly to the following treatments: 1) control, no supplement (NS); 2) soybean meakgrain sorghum ( S B W S ) formulated to contain the same CP concentration (21%) and fed to provide a similar energy level (3.5 Mcal of W d ) ; 3) a supplement of 100% wheat middlings fed at a low level (LWM); and 4) 100% wheat middlings fed at twice the amount of L W M (7 Mcal of ME/4 H\NM). The influence of different supplemental CP concentrations in a wheat middlings-based supplement was evaluated in Exp. 2. Sixteen ruminally fistulated steers were blocked by weight (F3W = 422 k 8.1 kg) and assigned randomly to the following treatments: 1) control, no supplement (NS); 2) 15% CP; 3) 20% CP, and 4) 25% CP supplements. These supplements consisted of 60% wheat middlings and various ratios of soybean meal and grain sorghum to achieve the desired CP concentration. In Exp. 1, SBWGS and HWM supplements increased (P < .lo) and L W M tended to increase (P = .16) forage DMI compared with NS. All supplements in Exp. 1 increased (P < .lo) DM digestibility, ruminal DM fill, and ruminal indigestible ADF (IADF) passage rate compared with NS, although the greatest response in fill and passage was observed w i t h HWM. In Exp. 2, forage DMI, DM digestibility, NDF digestibility, ~minal DM and IADF fill, IADF passage rate, and fluid dilution rate were increased (P < .Ol) by supplementation. Forage DMI, ruminal IADF passage rate, and fluid dilution rate increased quadratically (P < .lo), and NDF digestibility, ruminal DM and IADF fill increased linearly (P < .lo) with increased supplemental CP concentration. These experiments indicate that wheat middlings performed similarly to a SBWGS supplement of equal CP concentration. when both were fed to provide a similar amount of energy daily. Additionally, use of poorquality range forage was enhanced when wheat middlings-based supplements were formulated to contain a CP concentration of 20% or greater.
of the wheat and milled 13% of the flour in the United States (Johnson, 1985 (Johnson, , 1986 (Johnson, , 1987 (Johnson, , 1988 (Johnson, , 1989 . Approximately 25% of the wheat milled remains as a byproduct, often referred to as wheat middlings. Wheat middlings contain moderate amounts of CP (17 to 21% CP, Erickson et al., 1985; Lusby and Wettemann, 1988a,b Cox et al., 1989 ) and moderately high amounts of rapidly degradable fiber (40% NDF, 14.4% digestedh; Varga and Hoover, 1983) . Although performance studies indicated beneficial responses when wheat middlings were fed to cattle grazing dormant tallgrass prairie (Lusby and Wettemann, 1988a,b Cox et al., 1989) , little published information is available concerning the ways in which wheat middlings-based supplements affect forage intake, digestion, digesta flow, or fermentation characteristics of cattle consuming poorquality forage. Hence, we conducted two experiments with the following objectives: 1) to evaluate the efficacy of wheat middlings as a supplement in comparison to a soybean meal:-sorghum (2278; SBWGS) supple ment formulated to contain the same CP concentration and to provide similar amounts of energy daily, 2) to evaluate the influence of supplementing cattle with different amounts of wheat middlings, and 3) to evaluate the effect of increasing the CP concentration in a wheat middlings-based supplement on forage intake, digestibility, ruminal fill, passage, and fermentation characteristics.
Experlmental Procedure

Experiment I : Animals and Treatments.
Sixteen Angus x Hereford, ruminally fistulated steers (BW = 374 f 8.3 kg) were blocked into four weight groups and assigned randomly to four treatments to evaluate the effects of type and level of supplement on forage utilization characteristics. Treatments were as follows: 1) control, no supplement (NS); 2) SBWGS supplement; 3) low amount of 100% wheat middlings (LWM); and 4) high amount of 100% wheat middlings (HWM) . The SBM/GS supplement (Table 1) was formulated to have a CP concentration (21% CP) similar to that of wheat middlings, and both SBM/GS and L W M groups were fed such that the supplements provided 3.5 Mcal of ME/d. Because wheat middlings are energetically less dense, greater quantities of L W M supplement (.39% BW) than of the SBWGS supplement (.32% BW) were fed. The HWM treatment entailed feed- cm in length with a mechanical bale buster. Steers had free access to water and trace mineral salt5. The experiment was a 30-d digestion study, consisting of a 14-d adaptation phase, a 7 6 intake phase, a 7 d fecal collection phase, a I d ruminal evacuation phase, and a ld ruminal fluid sampling phase. Feed and orts samples were collected during the 7-d intake phase. Feed, orts, and fecal samples were collected during the 7-d fecal collection phase, and total fecal output was recorded daily. During the ruminal evacuation phase, total ruminal contents were removed manually before (0 h) and at 4 h after supplementation, weighed, mixed, and sampled.
Feed, orts, and fecal and ruminal evacuation samples were dried for 2 d at 50'C in a forcedair oven. Feed and supplements were composited across days on an equal DM basis. A percentage of the daily orts (1.5%) and fecal (2.0%) samples was composited across days for each steer. Samples were ground through a small-sample mill6 with a 1-mm screen, and duplicate samples were analyzed for DM and ash content by standard procedures (AOAC, 1984) . The procedure described by Robertson and Van Soest (1981) 144-h in vitro fermentation followed by an ADF extraction (Cochran et al., 1986b) ; variations from the original procedure included use of 100-ml centrifuge tubes fitted with Bunsen valves instead of glass, screwcapped tubes and 200 rather than 100 ml of acid detergent solution. Duplicate feed samples were analyzed for KjeldahI N by standard procedures (AOAC, 1984). Alpha-linked gluwse was enzymatically cleaved to free glucose units in duplicate supplement samples as described by HerreraSaldana and Huber (1989) , after which glucose concentrations were determined with an autoanalyzer7 as described by Gochman and Schmitz (1972) . A correction was made for free glucose in the supplements when starch content of supplements was calculated.
Ruminal evacuation samples collected before (0 h) and at 4 h after supplementation were used to determine ruminal DM, IADF, and 5uid fill. Ruminal IADF passage was calculated as the ratio of IADF consumed to ruminal IADF fill (Yadava and Bartley, 1964, Reid, 1965) . Ruminal evacuation of each steer took approximately 15 min, and steers had free access to feed and water immediately before and after each evacuation. Ruminal fluid dilution rate was determined by pulsedosing Co-EDTA just before (0 h) supplementation; each 6.6-g dose of &-EDTA was solubilized in 250 ml of deionized water and injected into numerous ruminal sites with a repeating syringe. Ruminal fluid was sampled at several different locations in the rumen by using a suction strainer at 0, 3, 6, 9, 12, and 24 h after dosing. A combination electrode was used to determine ruminal pH irnmediately after sam-ple collection. Samples for ammonia N and VFA analyses were frozen (-20'0 after treatment with .l N HCl (8 ml plus 2 ml ruminal fluid) and 25% metaphosphoric acid (2 ml plus 8 ml ruminal fluid), respectively. Whole ruminal fluid (20 ml) also was frozen (-20'0 for subsequent use in determining Co concentration.
Ruminal fluid samples were centrifuged before analysis at 30,000 x g for 10 min. Ruminal ammonia N concentrations were hetermined with an autoanalyzer7 using the phenol-hypochlorite method (Broderick and Kang, 1980) . Ruminal VFA concentrations were determined by gas chromatography as outlined by Jacques et al. (1987) . One steer at 6 h after supplementation in the HWM treatment group had a total ruminal VFA concentration approximately half that of the other steers in its treatment group and considerably lower than its own values from other time periods, and it was deleted from the 6-h total VFA analysis. Ruminal Co concentrations were determined using atomic absorption spectrophotometry with an air-acetylene flame.
Ruminal fluid dilution rate was calculated by regression (Warner and Stacy, 1968) .
Intake, digestibility, fluid flow, and fluid dilution rate were analyzed as a randomized complete block design. Means were separated by the lsd procedure protected by a significant (P < .lo) F-test. Ruminal fill, passage, fluid volume, and fermentation characteristics were analyzed as randomized complete block, splitplot designs. Treatment x block was the wholeplot error term and sampling time was the sub-plot effect. Variables that displayed a treatment x time interaction (P < .lo) were analyzed as a randomized complete block design within sampling time. In instances when an unequal number of treatment observations existed, the greatest SE for the treatment means was reported. Ail statistical analyses were performed using the GLM procedure of SAS (1988) .
Experiment 2: Experimental Procedures. The same experimental procedures were used in Ekp. 2, with the following exceptions: orts were weighed daily at 1100, and supplements were fed immediately afterward; dormant, tallgrass-prairie forage was harvested in March &recator, Inc., Hemdon, VA.
1989; ruminal evacuation phase and ruminal fluid sampling phase were conducted in reverse order compared with Exp. 1 because of labor availability; the procedure to determine NDF content used TerrnamylB 120L amylases instead of a-amylase (Jeraci et al., 1988) ; and each 4-g dose of &-EDTA was solubilized in 400 ml of deionized water.
The statistical model was the same as in Ekp. 1. Treatment sums of squares were partitioned into NS vs supplemented and linear and quadratic contrasts within supplemented treatment groups.
Results
Experiment I . Forage (P < .lo) and total DMI (P < .01) were increased when SBWGS or HWM were supplemented (Table 3) . Forage DMI also tended (P = .16) to be increased and total DMI was increased (P < .01) when LWM was fed. The SBWGS and LWM groups had lower (P < .01) total DMI than the HWM group did. Forage DMI of the HWM group was greater (P < .lo) than that of the LWM group. Apparent DM digestibility was increased (P < .Ol) with supplementation, but no differences were noted among supplemented groups. Digestibility of NDF did not differ among treatments, although a trend (P = .14) for a treatment effect was observed, in this case, it seemed that the SBWGS and HWM groups had slightly lower NDF digestibilities than the NS and LWM groups did. C.f*Qow means that do not have cOmmOn superscripts differ (P < .lo). bjhow means that do not have common superscripts differ (P < .01).
middlings.
however, was one of differences in the degree of magnitude between treatments rather than a change in the way the treatments responded over time. Therefore, only treatment means across sampling times will be presented. fplnd volumes were measured by ruminal evacuations before (0 h) and 4 h after supplementation. Because a treatment x evacuation time interaction existed (P < .01). treatment differences were analyzed within time periods.
Ruminal
SMean of 0 and 4 h evacuation used to cdculate fluid flow. %ow means that do not have common supersdpts differ (P < .lo).
u?Row meam that do not have coormon snpascripts differ (P < .05).
middlings.
of 0 and 4 h evacuation; no treatment x time interaction (P 1 .lo). (Table 6 ). As CP concentration of the supplement increased, however, a quadratic increase (P = .04) in forage and total DMI and a linear increase (P = .W) in NDF digestibility were noted.
Ruminal DM fill, IADF fill, and fluid volume were increased (P < .09) by supplementation (Table 7) . Similarly, ruminal IADF passage, fluid dilution rate, and flow also were increased (P c .01) by supplementation. When supplemental CP concentration was increased, ruminal DM fill, IADF fill, and fluid volume and flow were increased linearly (P < .Ol); quadratic increases in ruminal IADF passage (P < .01) and dilution rate (P = .W) occurred with increased supplemental CP concentration.
Ruminal ammonia N, acetate-ta-propionate ratio, and molar proportions of acetate, propionate, butyrate, and valerate displayed treatment x time interactions (P < .01; Table 8 ). However, as with Exp. 1, the nature of the interactions was one of diffmences in the degree of magnitude between treatments rather than a change in the way the treatments responded over time. Therefore, only treatment means across sampling times are presented.
Ruminal ammonia N was increased (P < .01) when steers were fed any of the three supplements. Further, a linear (P < .01) increase in ruminal ammonia N occurred when (Hunter and Siebert, 1980; McCollum and Galyean, 1985; Chthrie and Wagner, 1988; DelcUao et al., 199Ob) . Results from both experiments in our study indicate that forage intake was enhanced by supplements that 
supplemented groups. Q = quadratic within supplemented groups.
*N = 4. of 0 and 4 h evacuation. ' N = 4.
contained at least a moderate concentration of CP (220% CP). In addition, the pattern of response noted within the two experiments suggests that both the quantity of protein provided by the supplement and the balance of protein to energy may affect how a supplement influences forage intake. In Exp. 1, increasing the amount of wheat middlings offered daily increased forage intake. This increased intake could have resulted from providing more total protein. In Exp. 2, there was little difference in forage intake between nonsupplemented steers and those fed a wheat middlings-based supple ment with 15% CP. In contrast, intake was substantially increased (approximately 55%) in the groups receiving the 20 and 25% supple ments compared with the NS and 15% CP treatments. Little additional benefit in forage intake was realized by increasing the CP concentration from 20 to 25%. These data agree with results of DelCurto et al. (199Ob) and imply that the balance between protein and energy in a supplement is an important factor, up to a point, in determining an animal's intake response after supplementation. It seems that after a given balance of CP to energy is met in grain/byproduct supplements (approximately 20% CP or greater), forage intake will be near maximal as long as an appropriate total quantity of protein is offered. In contrast, grainbyproduct supplements with low concentrations of CP (15% in this study, 11 to 13% in the studies reported by DelCurto et aL, 199Oa,b) do not seem to stimulate intake of poorquality forage, even when the total quantity of protein offered is the same as in supplements with moderate to high concentrations of CP (DelCuxto et al., 199Ob ). This same relationship may not apply when supplements with low starch content (e.g., dehydrated alfalfa pellets) are fed (DelcUno et al., 199Oc) , which suggests an interaction of type of energy in the supplement with protein content.
In both experiments, apparent DM digestibility of the total diet was increased with protein supplementation; this agrees with other research (Guthrie and Wagner, 1988; Stokes et al., 1988; DelCurto et al., 199ob) . In contrast to DM digestibility, digestibility of NDF did not produce a similar pattern of response between Exp. 1 and 2. In Exp. 2, NDF digestibility was greater in protein-supplemented steers than in NS steers; this agrees with results for beef steers supplemented with cottonseed meal (Hunt et al., 1989) or beef cows supplemented with soybean meal (Stokes et al., 1988) . Also in Exp. 2, digestibility of NDF was slightly improved with increased CP concentration in the supplements, which would support the idea that feeding an increased amount of CP increases the amount of available nutrients that are necessary for optimal microbial growth (Hoover, 1986) . In addition, the decreased amount of starch with increased supplemental CP concentration could lessen possible negative effects of starch on SUNV0I.D ET AL.
fiber digestion (elShazly et al., 1961) . Nonetheless, increased fiber digestibility in response to supplementation was not observed in Exp. 1. Although only a tendency (P = .14)
for a treatment effect occurred, the direction of response was for either no effect (LWM) or a slight decrease in NDF digestion for the SBW GS and HWM groups. A similar response was observed by DelCurto et al. (199Ob) , who noted little change in NDF digestibility after supplementation, with the exception that a supplement with 12% CP decreased NDF digestion. Increased rate of passage in supplemented treatment groups (associated with increased intake) probably moderated some of the response that would be expected in digestibility had the forage been fed at a restricted intake.
Fill and Passage. In both experiments, ruminal DM fill increased with supplementation, which agrees with results of Delcurto et al. (1990b) and Hannah et al. (1991) . In Exp. DelCurto et al., 199Ob; 12 to 41% CP, DelCurto et al., 199Oa) than the 15 to 25% range used in our experiment.
Indigestible ADF passage rates were increased with supplementation in both experiiiients. This is in contrast with research reported by DelCurto et al. (199Ob) . These differences may have been influenced by different particle sizes of the hay (2cm chop in DelCurto et al. [199Ob] experiment and 10-to 20cm chop in the current experiment); however, our IADF passage rates agree with marker dilution data reported by McCollum and Galyean (1985) . In Exp. 1, no differences in passage rate were noted between SBWGS and LWM groups, although passage rate increased when HWM was fed. The quadratic increase in ruminal IADF passage and fluid dilution rate in Exp. 2 mimicked the DMI response for this experiment. Ruminal DM and IADF fill in Exp. 2 increased linearly and not quadratically, as intake did. Assuming that the quantity of ingesta present in the rumen is related to the animal's sensation of the degree of distension, differences observed in ruminal fill indicate that there was greater plasticity in the amount of digesta cattle were capable of tolerating than would be expected if physical controls, such as ruminal distension, were either invariable or the only factors affecting the intake of poor-quality forages. Some evidence indicates that distension of the reticuloruminal cavity is not the only factor limiting intake in ruminants fed low-protein diets (Egan, 1965 (Egan, , 1984 Fahey and Berger, 1986; Petersen, 1987) . Forbes (1984) suggested that the importance of distension may vary depending on other signals that are relayed to the hypothalamus. Hannah et al.
(1991) used a water-filling technique to estimate ruminal capacity and reported that, when steers consumed forage similar to that used in the present study, feeding a protein supplement increased (P < .05) the amount of digesta the animals were willing or able to sustain as a percentage of their ruminal capacity; factors that act to influence this response deserve additional research.
Ruminal Fermentation Characteristics. In Ekp. 1, both wheat middlings supplemented groups had a much more dramatic increase in ruminal ammonia concentration than did cattle fed SBWGS; this may have been the result of differences in supplement composition. Nocek and Russell (1988) suggested that the rate of ruminal C P digestion is approximately 1.5-times faster for wheat middlings than for soybean meal. Hence, ammonia N may have been released more rapidly from wheat middlings than from SBWGS. Ruminal pH was significantly decreased by supplementation; however, this decrease did not seem to have been extensive enough to significantly affect fiber digestion (fhkov, 1982; Yokoyama and Johnson, 1988) .
Total VFA concentration increased with supplementation, which agrees with other research with cattle consuming lowquality forages (Hennessy et al., 1983; Stokes et al., 1988; Hunt et al., 1989; DelCurto et al., 199Ob) . In both experiments, the decreased acetate molar proportions resulting from s u p plementation, and unaffected propionate molar proportions, led to the decreases that occurred in the acetateto-propionate ratios. DelCurto et al. (1990b) also reported decreased molar proportions of acetate but no difference in propionate molar proportions with protein supplementation.
Butyrate, valerate, isobutyrate, and isovalerate molar proportions were increased with protein supplementation, which agrees with the data of Hunt et al. (1989) and DelCwto et al. (1990b) . When cattle are grazing poorquality forage that is low in protein, addition of a highquality protein supplement provides, among other things, precursors for the production of branchedchain VFA. Many ruminal bacteria have a requirement for these VFA, which serve important roles in resynthesis of corresponding amino acids and synthesis of long-chain fatty acids (Yokoyama and Johnson, 1988) . Notwithstanding, evidence for the relative hportance of branched-chain ITA for cattle consuming dormant, bluestem-range forage remains uncertain (Gunter et al., 1990) . In general, fermentation characteristics of SBW GS and LWM in Exp. 1 were similar and, if supplementation affected a given fermentation characteristic, increasing concentration of CP in the supplement (Exp. 2) further enhanced that effect.
Compared with an oilseed meal/grain supplement (SBWGS), wheat middlings produced similar enhancements in the intake, digestibility, ruminal passage, and fermentation characteristics of diets based on poorquality range forage. In addition, increasing the amount of wheat middlings fed slightly increased intake, ruminal fill, passage, and fermentation characteristics of dormant range forage. At the level of supplementation used in Exp. 2, wheat middlings-based supplements with a CP concentration of 20% or greater promoted the greatest responses.
Implications
Wheat middlings were shown to be efficacious when used as a supplement to dormant bluestem-range forage. However, when formulating a wheat middlings-based supplement, it is apparent that the crude protein concentration should be 20% or greater to ensure adequate stimulation of forage intake and ruminal fermentation. When the crude protein concentration was increased above 20%, additional enhancement of forage intake and fermentation seemed to occur, but at a diminishing rate.
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